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CHAP-TER 1 
I N TR O D UCT I O N  
1 
The f l exi b l e  pavement structure in a p a rki ng lot mu st 
have enough s t ab i l i ty to meet the l o ad exe rted from parked 
c ar s  as we l l  as the ro l l i ng ac t i on of t r a f fi c . The surface 
of p a rking pavement doe s no t rec e i ve the s ame degree of 
c ompac ti on from the ro l l ing ac t i on of traf f i c  a s  it wou ld 
unde r no rm a l  r o ad u s age . The re fore , the de s i gn surface , 
base c ou r s e , and we a r i ng c ourse mu s t  be adequ ate to 
di stribute the standi ng and s l ow movi ng l o ads ove r a 
suffi c i ent are a o f  sub- grade i n  orde r to prevent the surface 
f rom de form i ng . ( l )  The re l ative value o f  u s i ng qua rtz i te and 
natu r a l  aggregate i s  considered here . 
The u s e  o f  qua rtz i te and natural  aggregate a s  c onstruc­
t i on mate ri a l s fo r ro ads goe s back · s eve r a l  hundred ye ars . 
The natu r a l  aggregate ( grave l ) was u sed then to make h ard 
e arth ro ads. At the p r e s ent time quartz i te and natural 
aggregate are u s ed for the sub-ba s e , the b a s e , and the 
surfac e  pavement . The surface pavement c an- be anything from 
a s i mp l e  sur f a c e  tre atment ( chip s e a l ) to a fu l l  depth 
a spha l t  pavement . ( 2 ) 
2 
A. QUA R TZIT E  
The New Larou s s e  Ency c l opedi a o f  E arth Sc i enc e s  de fine s 
quartz i te a s  a " so l i d  quartz rock produ c ed by the c ement i ng 
o f  sand gra i n s  wi th c rystal l i ne qu artz . Quartz i te i s  a 
smoo th , fi ne-textured , extreme l y  hard , g l a s sy rock u s ed 
primari l y  as ro ad-· stone . I t  i s  gene ral l y  l i ght in c o l our , 
whi te when pure and ti nted gray , tan , red , o r  purp l e  i n  i ts 
impure f o rms . C l o s e  exami nati on reve a l s t i ny ,  rounded quartz 
grai n s . " ( 3 ) 
One type o f  quartz i te i s  the S i oux quartz i te . The p i nk 
S i oux quartz i te take s i t s  name from outc rop s a l ong the Big 
S i oux Rive r  i n  South Dakota and I owa . Thi s quartz i te i s  
di stributed i n  1 1  c ounti e s  in southwe s t e rn M i nne sota , 2 5  
c ounti e s  i n  southe a s t e rn
-
and centr a l  South Dakota , probabl y  
2 c ounti e s  i n  no rthwe stern I owa , and 1 c ounty · i n  no rthe ast­
e rn Neb r a ska . F i gure 1 shows whe re S i oux qua rtz i te may be 
found . ( 4 )  
B. N ATU RAL AGGR EGATE 
The G l o s s a ry o f  Geo logy de f i ne s natu r a l  aggregate o r  
grave l a s  " an unc onso l i dated , natu r a l  ac cumul ati on o f  
rounded r o c k  fragments re su l t i ng from e ro s i on ,  c on s i sting 
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Figura 1: Areal extent of the Sioux quartzite 
3 
4 
bou l de r s , c obb l e s ,  pebb.l e s ,  granu l e s ,  o r  any c omb i nati on o f  
the s e  fragment s; the unconso l i dated equ i v a l ent o f  c ongl ome r­
ate . " ( S )  
The te rm grave l i n  the Uni ted S t a t e s i s  u sed fo r 
rounded rock o r  mine r al  soi l parti c l e s . The di ameter o f  
thi s rock u s ed by · engi nee r s  i s  i n  the r ange f rom 4. 7 6  mm 
( retai ned on a U . S .  Standa rd S i eve no . 4 ) to 7 6mrn ( 3  i n . ) . ( 6 )  
One o f  the mo st impo rtant re sourc e s  o f  the state o f  
South Dakot a  i s  gr ave l .  Grave l i s  a good mate r i a l  fo r road 
and bui lding· c on struc ti on . For examp l e , i n  B rooki ngs county , 
South Dako t a , the r e s e rvo i r  o f  s and and g r ave l i s  about 
4 , 7 3 4 , 000 , 000 cub i c  yards . ( 7 )  
D .  OBJEC T  A N D .SCO P E  O F  I NVE ST I GAT I O N  
The mai n  obj ec ti ve o f  thi s inve sti gat i on i s  t o  compare 
the pe rformanc e of two typ e s  of f l exib l e  p avement: one hot 
mi x pavement u s i ng quartz i te aggregate , the o the r one u s i ng 
natu r a l  aggre gate . 
Two p arki ng l o t s  we re constructed i n  the summer o f  1 9 8 4  
on the South D akota State ·unive r s i ty c ampu s i n  Brookings , 
South Dakot a . One parking lot , construc ted i n  f ront o f  the 
Dai ry-Mi c rob i o l o gy bui lding , u sed natu r a l  aggregate ( grave l ) 
i n  the hot mi x . The othe r one , south o f  the Anima l Sc i enc e 
Comp l ex , u s ed quartz i t� instead . 
loc at i o n  o f  the s e  two parking l o t s . 
5 
F i gu r e  2 - 4  shows the 
The s e  two l ot s  wi l l  be 
the p rimary e l ements fo r re se arch in thi s p ape r .  
The c omp a r i sons o f  the two pavement s are b a s e d  on the 
M a r sha l l  te s t , the skid re s i stanc e o f  the surface texture , 
and e c onomi c ana l ys i s .  
The Mar sha l l  te st was done to e stab l i sh the optimum 
a spha l t  c ontent o f  the mi xture s .  
The sur fa c e  texture s o f  the two pavement s we re exami ned 
by me a su r i ng the ski d re s i stanc e of the sur f ac e s  u s i ng the 
Bri ti sh P o rt ab le Skid Re s i stanc e Te ste r . The re su�ti ng data 
from the ski d re s i stance te sts  were c omp ared by emp loying 
the Stati s t i c a l  Ana l ys i s  System ( SAS ) c ompu t e r  program for 
ana l ys i s of vari anc e . 
The e c onomi c ana lys i s  was done by tak i ng i nto ac count 
the i ni ti a l c o s t s  of the two pavement s and the future c o sts , 
such a s  mai ntenanc e and ove r l ay .  A future c o s t  value and 
then the equiva l ent annua l value o f  the two ·a sphalt 
pavement s we re c a l cu l ated and c omp a red . 
- ::1 - IT • •  
..!;::::::� 
Figura 2: The location of two parking lots in South 







Figure 3: Parki ng l ot w i th n atural a g gregate pavement 

8 
Figure 4: Park i n g lot with qua rtzite paveme n t  
.. C HA PTER 2 
QUA L I TATIVE A SSE SSM E N TS O F  
A SPHA LT HOT MIXE S 
9 
One o f  the mo s t  c ommon type s o f  b i tumi nou s sur f a c e  u s ed 
i n  f l exib l e  pavement s i s  an a spha l t  hot mix. F l exib l e  
pavement s are 
c ru shed s tone ) 
strength o f  a 
c ompo sed of  an aggregate ( s and , grave l ,  o r  
and a bi tumi nou s mate r i a l . The s truc tu r a l  
bi tumi nous pavement depend s  enti re l y  on the 
aggregate , which f o rm s  the stru c ture that c ar r i e s  the whee l  
l o ad s tre s se s  t o  the base l aye r . The a sph a l t  i s  the 
bonding · agent among the aggreg.ate p arti c l e s , fi l l s  the 
vo ids betw een the aggregate parti c l e s , and wat e rproofs  the 
pavement. F i gure 5 shows a typ i c a l  f l ex i b l e  pavement 
s t ructu r e . 
P l ant hot mi x a spha lt i s  a mi xtu r e  i n  whi ch the 
aggregate and b i tumi nou s mate ri a l s  are mixed ho t at a 
c entra l  p l ant. The mi x i s  trucked hot to the job and then 
sp read or p·l ac ed on the surface ho t ·wi th a p aving machi ne 
and c ompac ted i mmedi ate l y . · 
The M a r sha l l  method o f  mi x de s i gn ( ASTM D-1 5 5 9 ) was 
u sed f o r  the t e s t i ng proc e s s  o f  the hot-m i x  p aving i n  the 
two p a rk i ng l o t s  ment i oned in the previ ous chapter . The 
10 
Figure 5: A typica l f l exib l e  paveme nt 
' -
1 1  
ove r a l l obj e c t i ve o f  the. M a r sha l l  te st i s  "to det e rmi ne an 
e c onomi c a l  b l end and gradati on o f  aggregate ( wi thin the 
l i mi t s  o f  the proj e c t  spec i fi c ati ons ) and a sph a l t  that 
yi e lds a mi x having : 
1 .  Su f fi c i ent asph a l t  to ensure a durab l e  pavement . 
2 .  Suf fi c i ent mi x stab i l i ty to s ati sfy the demands o f  
traff i c  wi thout di storti on o r  di sp l ac ement. 
3 .  Suf fi c i ent vo i d s  i n  the tota l c ompacted mix to a l l ow 
for a s l i ght amount o f  addi t i ona l c ompac ti on unde r 
t raffi c l o ading wi thout f lu shing , b l e ed i ng ,  and l o s s  
o f  s t ab i l i ty, yet l ow enough t o  keep out harmfu l ai r 
and moi sture . . 
4 .  Suf f i c i ent wo rkabi l i ty to pe rmi t e f fi c i ent p l ac ement 
of the mix wi thout segregat i on . " ( 8 )  
.The M ar sha l l  te s t  for the two pavements u s i ng natural 
aggregate and quartz i te was performed i n  the S outh Dakota 
State Unive r s i ty mat e r i a l  l ab .  Te s t  spec imens we re prep ared 
and te sted i n  ac co rdanc e wi th the proc edu r e  de s c ribed i n  
The Mi x De s ign Method for Aspha lt Conc rete and othe r Hot-Mix 
� , MS - 2 , · pub l i shed by the Aspha l t  I n sti tute . ( 8 )  
I n  o rder to conduct a non-bi a sed c omparat i ve study 
between two treatrnent s , rn any vari ab l e s  ne ed to remain 
unchanged . 
vari ab l e s . 
The fo l l ow i ng paragraphs exam i ne s s ome of  the se 
12 
A. AGGR EGA T E  GRADATION . 
The aggregate gradati on was app l i ed ac c o rd i ng to the 
requ i rement s o f  S e c ti on 3 2 0 ,  Aspha l t  Conc rete , Gene r a l  and 
S e c t i on 3 2 3 , Aspha l t  Conc rete-Cl a s s  G- typ e  1, o f  the South 
Dakota Dep artment of Transportati on Standard Spe c i fi c ati on 
for Ro ads and B r i dges,  1 9 77 Edi ti on. The gradati on whi ch was 
s e l e c ted f o r  the j ob mix c an be seen i n  t ab l e  1 .  
B. A SP H ALT 
The a spha l t  u s ed fo r the mix was 1 2 0 - 1 5 0  penetrat i on . 
Thi s c onfo rm s  to the requ i rement s ·o f  S e c t i o n. 8 9 0 , Asphalt 
mate r i a l , o f  S outh Dakota Dep artment o f  T ransp o rtati on 
S t anda rd of Spec i fi c ati o� for Ro ads and B r i dg e s ,  1 9 7 7  
edi ti on . 
C .  ASP H ALT CON TE N T  
Five di f fe rent a spha l t  content s we r e  u s ed to produce 
the test s amp l e s . The a spha l t  c ontent s we re 5 . 5 , 6 . 0 , 6 . 5 , 
7 .  0 ,  and 7 .  5 o f  the tot a l  we i ght b a s e  · ( TWB ) . 
1 3  
Table 1 Aggregate gradation used in hot mixes 
S I EVE S IZE S SOUTH DAKOTA RECOMMENDED JOB l 
CLAS S  G-TYPE 1 M IX GRADAT I ON 
( %  PAS S I NG ) (% PAS S I NG )  
3/4 " 1 00 1 00 
3/8 " 7 0- 9 0  80 
N0 . 4  52- 7 0  . 6 1  
N0 . 10 32-52 42  
. 
N0 . 40 1 5-3 2 2 3  
N0 . 2 0 0  4- 1 0  7 . 0  
SOUI"H DAKOTA STATI UNIViR.SITY UilRARY 
410'461 
14 
D . . M I X  D ESIGN 
To te s t  e ach a spha l t  c ontent , thre e  b r i que tte s we re 
made . After the te st s amp l e s  were made , t aki ng i nto a c c ount 
the prec edi ng c on s i de rati ons , the ana l y s i s o f  den? i ty-vo ids 
and stabi l i ty- f l ow te s t s  on the spec imen s  w a s  pe rfo rmed . 
Onc e the dens i ty and vo i ds of  the b r i quette s we re 
e s tab l i shed , the spec imens were he ated to 1 40 F .  fo r the 
Marsha l l  s t ab i l i ty and f l ow te s t s . The b r i quette s we re 
p l ac ed in a sp l i t  bre aki ng he ad for .the se te s t s  as seen i n  
F i gu re 6. 
Load wa s app l i ed to the spec imen at a r ate o f  5 0 . 8  mm 
( 2  i nche s ) p e r mi nute . The M a r sha l l  S t ab i l i ty o f  the 
spec imens w a s  then de rived . The amount o f  movement o r  
s t r a i n  occurr i ng between n o  l o ad and the maximum l o ad· i n  
uni t s· o f  0 .  2 5  mm ( 0 .  0 1  i nch ) , i s  the f l ow v a l u e  o f  the 
spec imen . 
The data o f  the t e s t  we re then u s ed to e st ab l i sh the 
opti mum a spha l t  content o f  the mi xtu r e . The fo l l owi ng 
a sph a l t  c ontent w a s  found to be optimum . 
As i nd1c ated i n  a l e tter of  June 4 ,  1 9 84 , from Dr . A l i  
Se l im ,  P r o f e s s o r  o f  Civi l Engine e r i ng at S outh Dakot a  State 
Unive r s i ty to S teve Koep s e l l ,  Engine e r  at the S outh Dakota 
State Unive r s i ty Phy s i c a l  P l ant , the "Labo rato ry te sts 
c onduc ted on the quartz i te ( M arsha l l  m i x  de s i gn method 
ASTM - � 5 5 9 ) reve a l ed that s i x  pe rc ent a spha l t  c ement ( 6  % 
TWB ) wi ll be adequate when prepari ng the ho t mi x . 
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Figure 6: Breaking machine 
Labo rato ry te s t s  o n  natural aggregate 
16 
from the 
Brooki ngs are a ( i n the summe r o f  1 9 83 ) , whi ch w a s  u sed in 
pav i ng the dai ry-Mi c robi o l o gy lot , i ndi c ated that the o i l 
c ontent shoul d  be s i x  and e i ght tenths of  one p e r c ent ( 6 . 8  % 
TWA ) • " 
The re su l t  that was a s c e rtained by emp l oying the 
Mar sha l l method o f  mi x de s i gn was that natu r a l  aggregate 
requ i re s  1 3 . 3% mo re a spha l t  than that of quartz i te in o rde r 
to me et the mix de s i gn spec i fi c at i on . 
1 7  
. . C H A PT E R  3 
SU RFA C E  TEXT U R E A N D  P H YS I CA L  P ROPE RT I E S 
Hi ghway traffi c ac c i dents are a maj o r  nat i onal c onc ern . 
State hi ghway and transpo rtati on department s spend l arge 
amount s of the i r  annu a l  budge t s  on ac c i dent reduc tion 
program s  and on me a sure s fo r mi nimi z ing i njuri e s  and 
damage s .  One o f  the many di fferent c au se s  o f  hi ghway 
ac c i dents i s  s l ippe ry pavement s .  P avement s are s l ippery 
when the forc e act i ng on the vehi c l e  i s  not re s i sted by the 
fri c ti on force between the pavement and the t i re s . ( 9 )  An 
important factor i n  the s afe ope rati on o f  moto r vehi c l e s  i s  
the pre s enc e· o f  fri c ti on o r  the ski d re s i s t anc e between the 
ti re and the pavement surface . ( 10 ) Ski d re s i s t anc e test ing 
provi de s a me a sure o f  p avement fri c t i on , whi ch i s  one o f  the 
indi c e s  o f  p avement performanc e . It has been shown that 
ac c i dent rate s i nc re a se when pavement ski d re s i s tance drop s  
be l ow 40 s k i d  number ( SN ) . Howeve r ,  the r e  a r e  many 
pavement s wi th a skid r e s i st anc e a s  low a s  2 0  SN that have 
ave rage ac c i dent rate s . ( l l} 
"The majori ty o f  hi ghway agenc i e s  in the U . S .  me asure 
_pavement skid re s i s t anc e wi th l ocked whe e l  ski d test­
e r s" ( l2 ) , whi ch i s  a me thod o f  me a suring the ski d re s i stanc e 
of the pavement wi th a spe c i fi ed fu l l - s c a l e  automot i ve l i ne . 
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Thi s standard te st is  de s i gnated a s  E - 27 4  by the Ame r i c an 
S o c i ety o f  T e s t i ng Mate ri a l  ( ASTM ) . 
The traff i c  vo lume on the two f l exib l e  p avement s w a s  
me a sured by u s i ng a road tube ; whi l e  the s k i d  re s i stanc e 
w a s  me a sured u s i ng The Bri ti sh P o rt ab l e  Ski d Re s i stanc e 
Te ste r . Thi s devi c e  and the method o f  i ts u s e  are found i n  
the ASTM and de s i gnated a s  E3 03 -74 . 
shown i n  Tab l e  2 .  
The t r af f i c  vo lume i s  
The Ski d Re s i s t anc e Te ster ha s a pendu lum devi c e  whi ch 
me a sure s the f r i c t i ona l re s i stanc e of a w e t  surface by the 
p a s s age o f  a w e t  rubbe r s l i de r . The s l ide r  i s  spr i ng l o aded 
and i s  3 by 1 1  i nche s . The c ontac t w i th the surfac e for the 
te s t  i s  made p rimari l y  by the 3 i nch edge . The devi c e  c an be 
adju sted verti c a l l y  i n  orde r to contro l the sur f a c e  touc.hed 
by the rubbe r .  Aft e r  the prope r adju stments a re made , the 
pendu lum and drag p o i nt e r  are locked in a ho r i z ontal 
po s i ti on ,  l ocki ng the pendu lum to the rei e a s e  c atch . When 
re l ea sed the pendu lum c arri e s  the drag p o i nt e r  in an arc . 
After touchi ng the pavement su rfac e , the drag p o i nter stays 
at the hi ghe st po i nt whe re the pendu lum f a l l s  b ac k . Whe reve r 
the drag po i nt e r  s top s , the re ading o f  the s c a l e  show s the 
l o s s  i n  ene rgy o f  the pendu lum arm ,  whi ch i s  equ a l  to the 
work done agai n s t  fri c t i on by the s l i de r . The r e ading i s  
de s i gnated a s  skid numbe r ( SN ) . F i gure 7 show s the Bri ti sh 
Portab l e  Ski d Re s i s tanc e Te ste r . 
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Table 2: Traffic vol.urne ·using th e two parking lots 
Numbe r o f  vehi c l e s  
Date Qua rtz i te Natu r a l  aggr e gate 
Pavemen t  pavemen t  
Wednesda y  
O ct.30 , 1984 414 3 80 
Thu r sday 
O c t.31 , 1 9 8 4  3 82 3 32 
F riday 
Nov . l , l98 4  3 46 377 
Saturday 
Nov . 2 , 1 9 84 69 81 
Sunday 
Nov . 3 , 1 9 84 3 9  25 
M onday 
Nov . 4 , 1 98 4  365 3 9 4  
tue sday 




Figure 7: British pendulum tester 
2 1  
I n  orde r to f i nd ski d r e s i stance , s even te s t  l o c ati on 
in e ach p a rki ng l ot were s e l ected. So that c ompar i sons wou ld 
be appropr i at e , s imi l ar spot s i n  both p arki ng l ot s  were 
cho sen . The fo l l owing par agraphs de scr i b e  the te st 
l o c at i on� ,  the number o f  te st l o c at i ons i n  e ach p arki ng lot ,  
and the de s i gnated r e a sons for cho o s i ng the spe c i fi c  te st 
loc at i on. 
Two o f  the t e st l oc ati ons ( 1 yard b y  1 yard ) i n  e ach 
l ot we re e st ab l i shed at e ach entr anc e I e x it . The te st 
loc at i ons were de s i gnated as An , Gn , Aq , and Gq , where 
sub s c r i pt n me ans a p avement made of natur a l  aggre gate and 
sub s c r i pt q st ands for pavement made o f  quart z ite . A and G 
repre s ent the l o c at i ons . F i gure s 8 through 1 1  i l lu str ate 
the l o c at i ori s and the sur face texture s o f  the p avement s  at 
the spe c i fi ed l o c at i on s . The reason for choo s i ng the se 
l o c at i ons w a s  t o  be ab l e  to ana l yz e  and c ompare the ski d  
re s i st anc e o f  the two f l ex i b l e  pavement s ' textu re s where 
there has been m�ch maneuver i ng and hi gh tr a ff i c vo lume. 
The other te st l o c at i on ( 1  yard by 1 yard ) w a s  cho sen 
i n  the mi dd l e  o f  e ach driveway o f  e· ach p arki ng l ot . The 
te st l oc at i ons are de s i gnated a s  Cn , Fn , Cq , F q. F i gure s  8 ,  
and 9 i l lu str ate the te st l o c at i ons . 
The re a s on for cho o s ing the se lo6at i ons w as to be ab l e  
t o  ana l yz e  and c omp are the skid re s i st anc e o f  the spec i fi ed 
textur e s  i n  the p avement where the re has b e en no rm a l  p ark i ng 
l ot tr a f fic vo lume. 
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ANIMAL SciENCE PARKING LoT 
SCALE 1'': 20' - 011 
Figure 9: Location of test specimen of quartz ite 
. ' 
pavement in Animal Science parking lot 
23 
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Figure 10: Surface texture of test specimen at ·entrance 
and· exi� of parking lot with natural aggregate pavement 
25 
Figure 11: Surface texture of test specimen at .entrance 
and exit of parking lot with quartzite pavement 
2 6  
Two te s t  l o c a t i ons , .e ach 1 yard by 1 yard , were cho sen 
a s  the c l o se st p arking spac e s  to the bui lding . The s e  te st 
loc at i ons were po s i ti oned one sp ac e between the two front 
whe e l s o f  the p arked c ar and one sp ac e under the right rear 
whee l .  The s e  te st l oc at i ons are de si gnated a s  Dn , En , Dq , 
Eq . 
The se l o c at i on s  were cho sen to ana l yz e  and c omp are the 
skid r e s i s tanc e o f  sur f ac e texture o f  the pavement whi ch has 
experi enc ed high p arking vo lume . 
One te s t· l o c ati on wa s e stab li shed be sid e  the manho l e  
i n  e ach p arking l o t. The se te st spot s were de s i gnated a s  Bn , 
Bq . F i gure s  8 and 9. i l lustr ate the se t e s ting l oc ation s . 
The r e a son for choo sing the s e  loc ati ons w a s  to ana l yz e  
and compare· the s k i d  re si st anc e o f  the sur f a c e texture· o f  
pavement expo s ed t o  the f l ow o f  water and tr a ff i c  vo lume. 
The te s t  for a s c ert a i ning ski d r e si s tanc e wa s done on 
sever a l  di fferent o c c a s i on s . The data were then recorded . 
Tab l e s  3 through 10 show the raw data of the ski d number s .  
Since change s in temperature c an a f f e c t  the skid 
re s i st anc e o f  f l exib l e  pavements , Fi gure 12 wa s u s ed to make 
correc ti ons. ( 1 3 )  The temperature corrected data are a l so 
pre s ented i n  T ab l e s  3 through 10. 
The data wi th the temper ature correcti o n s  were then 
c l a s si fied i nto four tre atment s : 1 .  Entr anc e/Exi t ,  2. 
Dr iveway , 3. M anho l e , 4. P arking p l ac e ,  f or the two p arking 
T�b le 3: R�w data and temperature corrected data of sk ld res Jst�n ce from the p�vement with natural agg-egate 
Telilper�ture 
of w�ter Correction Skld-reslst�nce (SN> 
Surface on road d ue to 
D�te Section Texture (•c> Temperature Trl�ls Me�n Trl�l 
2 3 4 
9/19/84 An Medium 32.0 32 (+2) 61(63)* 64(66)* 64 (66)* 65 (.67)* 66** 
Bn Medium 32.0 32 (+2) 71(79)* 80(82 )* 81(83)* 82(84)* 83** 
Cn . Medium 31.0 31 H1.9) 64(65.9)* 7203.9)* 72(73.9)* 72(73.9)* 74** 
On Medium 29.0 29 (+1.7) 68(69.7)* 7304.7)* 73(74.7)* 73(74.7)* 75.** 
En Medium 29.0 29 (+1.7) 68(69.7)* 73(74 .7)* 73(74.7)* 73(74.7)*. 75** 
fn Medium 33.0 33 (+2.5) 63(64.5)* 68(67.5)* 69(70.5)* 68(69.6)* 70** 
Gn Medium 33.0 33 (+2.5) 60(62.5)* 63(65.5)* 64(66.5)* 63(65.5)* 66** 
•temperature corrected data 
**Trial mean = 66 + 66 + 67 = 66, d ue to Inaccuracy of the British skid resistance tester at tt� first trial , 
3 




Tab le 4: Raw data and temperature corrected data of sk i d  res i stance from the pavement w i th n atura l aggregate 
Teq>erature 
of water Correct i on Sk i d-res i stance <SN )  
Surf ace on road due to 
Date Sect i on Texture <•c) Temperature Tr i a l s  Mean Tr i a l  
2 3 4 
9/29/84 An Med i um 20.0 20 (0) 65(65)* 70(70)* 71 ( 71 )* 7202)* 71** 
Bn Med i um • 20.0 20 (0) 79(79)* 80(80)* 80(80)* 00(00)* 80** 
. 
Cn · Med i um 20.0 20 <o) r 69(69)* 71(71)* 72(72)* 72(72 )* 72** 
On Medium 22.0 22 (f0.3) 75 (75 )* 76(76)* 77(77)* 77(77)* 77** 
En Med ium 22.0 22 (+0.3) 73(73)* 7404.3)* 75(75.3)* 74(74.3)* 75** 
fn Medtum 22.0 22 (f0.3) 65(65)* 70(70.3)* 70(70.3)* 71(71.3)* 71** 
Gn M6dlum 20.0 20 (0) 60(60)* 64(64 )• 64 (64 )* 64 (64 )* 64** 
*temperature corrected ddt a 
**Trial mean = 10 + 71 + 12 = 71, d ue to Inaccuracy ot the British skid resistance tester at the fir s t trial. 
3 
the first trial Is not counted In ca l cu l aotlng ttle mean trial. 
tv 
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T�b le 5: R�w dat� and ternperature corrected data of sk i d  res i stance from the p�vement w i th n atur a l  agg-egafe 
Temperature 
of w�ter Correct ion S k i d-res i stance ( SN )  
Surface on road due to 
o�te Sect ion Texture c•c) Temperature Tr l � l s Me�n Tr i a l 
1 2 3 4 
10/9/84 An Med i um 19.0 19 (0) 70(10)* 75(15)* 75(15)* 75 (75 )* 75** 
Bn Med i um 20.0 20 (0) 80(80)* 79(19)* 80(80 )* 80(80)* 80 
Cn Med i um 18.0 18" (-0.3) 75(15 )* 76(15.1)* 77(76.7)* 77(76.7)* 76 
Dn Med i um 18.0 18 (-0.3) 74(74 )* 7107 ,. 77(77)* 77(77)* -77 
En Med i um 18.0 18 (-0.3) 70(70 )* 73(73)* 74 (74 )* 75(75 )* 74 
fn Mbdlum 18.0 18 (-0.3) 74 (74 )* 74(74 ,. 74 (14 ,. 74(74)* 74 
Gn Med i um 15.0 15 (-1.5) 70(10)* 69(67.5)* 70(68.5)* 69(67.5) 68 
•temperature corrected data 
.. Tr i a l mean .. 75 t 75 + 75 .. 75, d ue to Inaccuracy of the Brit ish sk i d  res i st ance tester at the f i r s t tr i al , 
3 
the first trial Is not counted In calculating the rnean trl"l. N \0 
Tab le 6: Raw data and temperature corrected data of sk i d  res i stance from the pavement w i th n atura l aggregate 
Temperature 
of water Correct ion Sk i d-res i stance ( SN )  
Surf ace on road due to 
Date Sect i on Texture c•c> Temperature Tr i a l s  Mean Tr i a l  
2 3 4 
10/13/84. An Med i um 20.0 20 (0) 67(67)* 69(69)* 70(70 )* 70(70 )* 70** 
Bn Med i um 20.0 20 (0) 7707)* 79(79)* 79(19)* 79(79)* 79 .. * 
en Med i um 20.0 20 (0) 1 72(72)* 71 (71 )* 72(72)* 72(72)* 72** 
On Med i um 20.0 20 (0) 71 (11 )* 7202)* 71 (11 )* 72(72 )* 12** 
En Med i um 20.0 20 (0) 69(69)* 7000 )* 7000 )* 70(70 )* 70** 
fn Medium 20.0 20 (0) 7000)* 7202 )* 73(73)* 72(72 )* 72** 
Gn Medium 20.0 20 (0) 64 (64 )* 67(67)* 67(67)* 67(67)* 67** 
•temperature correct�d data 
** TrIal inean = 69 + 10 + 70 = 70, due to In ac curacy of the Arl t Ish sk l d res 1 stance tester at the first trIa l , 
3 
the first trial Is not count
.
ed In calculating the mean trial. 
w 
0 
Tab le 7: Raw data and temperature corrected data of sk i d  res i stance from the pavement w i t h quartz i te 
Surface 
Date Sect ion Texture 
9/28/ 1984 Aq Med i um 
Bq Hard 
Cq Med i um 
Dq Med i um 
E q  Med i um 
fq Medium 
Gq Med i um 
•temperature corrected ddta 
** Trial mean = 77 + 78 + 79 
3 
Temperature 
of water Correct ion Skid-resistance CSN )  
on road due to· 
c•c, Temperature Tria l s  Mean Tria l 
2 3 4 
16.0 16 (- 1) 74(73)* 78(77)* 79(78)* 80(79)* 78** 
12.0 12 (-2.2) 87(85)* 88(86)* 88(86)* 88(86)* 86 
11.0 17 (-1) 74 (7J)* 17(76)* 78(77)* 78(77)* 77 
12.0 12 (-2.2) 69(67)* 76(74 )*. 76(74 ,. 76(74 )* 74 
12.0 12 (-2.2) 80(78)* 77(75 ,)* 77(75 )* 77(75 )* 75 
18.0 18 (-O.J) 72(72)* 74(74 )* 75(15 )* 75 (75 )* 75 
12.0 18 (-0.3) 75(7J)* 80(78 )* 80(78)* 80 (78 )* 78 
78, due to lnact..:uracy of too British skid resistance tester at the first tri al. 




T�b le 8: R�w dat� �nd temper� ture corrected dat� of sk i d  res i stance from the pavement w i t h quartz i te 
Te�Jl>erature 
of w�ter Correct ion Skld-reslst�nce ( SN )  
Surface on road due ' to 
D�te· Sect ion Texture c•c) Temperatu re Trl� l s  Mean Tr i a l  
2 3 4 
9/29/84 Aq Med i um 20.0 20 (0) 77(77)* 78 q8)* 78(78)* 78(78)* 78** 
Bq Uard 17.0 17 (-1) 85 (84 )* 85 (84 )* 85 (85 )* 85 (84 )* 84** 
Cq Med i um 20.0 20 (0) 74 (74 )* 74 (74 )* 7303 )* 13(13 )* 73** 
Dq Med i um 18.0 18 (-0.3) 72(72)* 74 (74 )* 7404 )* 75(75 )*' 74** 
E q  Medium 18.0 18 (-.03) 70(70)* 72(72)* 73(73)* 72 (72 )* 72** 
Fq Med i um 20.0 20 (0) 75(75 )* 76(16 )* 76(76)* 76(76)* 76** 
Gq Medium 18.0 18 (-0.3) 76(76)* 77(77)* 77(77)* 77(77)* 77** 
*temperature corracted data 
**Tr i al mean = 78 + 78 + 78- 78, d ue to Inaccuracy of the British skid resistance tester at the first trlal, 
3 
. 
the first trial Is not counted In calculating the mean trlal. 
w 
N 
Tab le 9: Raw data and temperature corrected data of sk i d  res i stance from tho pavement w i th q uartz i te 
Temperature 
of water Correct ion Sk i d-res i stance ( SN )  
Sur face on road due to 
Dote Sect ion Texture c•c, Temperature Tr i a l s  �an Tr l o l  
2 3 .. 
10/9/84 Aq Med i um 19.0 19 (0) 13(13 )* 13(13 ,. 73(73)* 73(13)* n•• 
Bq Hard 19.0 19 (Q) 80(80)* 79(79)* 79(19)* 79(19)* 79 
. 
I 
Cq Medium 19.0 19 (0) 80(80)* 81(81)* 80(80)* 80(80)* 80 
Oq Medium 19.0 19 (0) 75(75 )* 76(76)* 75(75)* 75 (75 ,. 75 
Eq Medium 19.0 19 (0) 82(82)* . 82(82)* 82(82)* 82(82 ,. 82 
Fq Medium 19.0 19 (0) 75 (75 ,. 76(76)* 75(75 )* 75 (75 )* 75 
Gq Medium 19.0 19 (0) 75(75 ,. 75(15 )* 75(15 ,. 75 (75 )* 75· 
• temperature correct6d data 
**Trial mean = 73 + _73 + 73 = 73, d ue to Inaccuracy of the British skid r6slstance tester at the first trial, 
3 . 
the first tria l Is not counted_ln ca l c u l ating the mean tria l .  
w 
w 
Tab le 10: Raw data and temperature corrected data of sk i d  res i stance from the pavement w i t h quartz i te 
Temperature 
of water Correct I on . Sk i d-res i st ance (SN) 
Surface on road due to 
Date Sect ion Texture . c•c, Temperatu re Tr i a l s  Mean Tr i a l  
1 2 J 4 
10/13/84 A q  Medlulll 20.0 20 (0) 77(77)* 77(17)* 11(11)* 11(11)* 11** 
Bq Hard 20.0 20 (0) 74 (14 , . 77(77)* 76(76)* 77(77)* 77 
. I 
I 
Cq MediuM 20.0 20 (0) 76(76)* 76(16)* 76(16 )* 76(76 ,. 76 
Dq Mad lull 20.0 20 (0) 74 (74 )* 75(75 )* 74(74 )* 75(75)* 75 
E q  Medium 20.0 20 (0) 69(69)* 70(70)* 70(70)* 69(69)* 70 
·fq Medium 20.0 20 (0) 68(68)* 70(70)* 69(69)* 69(69)* 70 
Gq Medium 20.0 20 (0) 64 (64 )* 65(65)* 66(66)* 66(66)* 66 
•temperature corrected data 
.. Trial mean = 77-t 17 -t 17 = 77, d ue to lnaccuracy.of the British skid resist ance tester at the first trial, 
3 . 



















Figure 12: Suggested temperature corrections for skid 
resistance values to allow for changes 
in resistance of the slider rubber 
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3 6 I 
. l o t  pavements whi ch u s e  natu r a l  aggregate (N) o r  qu artzi te 
( Q )  • I. 
The exp e riment w a s  conduc ted u s i ng a two by f our 
f ac t o ri a l  de s i gn .  F o r  mo re i nf o rma t i on exam i ne t ab l e  11. 
The d a t a  we re ana l yz ed u s i ng a st and a rd p ackage i n  the 
S t ati s t i c a l  Ana l y s i s S ys t em ( SAS ) . The p r o c edu r e  o f  Gene r a l  
Li ne ar Mode l ( GLM ) was emp l o yed to f i nd t h e  treatment, 
int e r ac ti on , and c omp ari son sum of the unb a l anc ed data . 
The assump t i ons i n  the ana l ysi s o f  v a r i anc e are as 
fo l l ows: 
1 .  " Each popu l at i on ( treatment s - b l oc k - c ombi nat i on )  ha s a 
norm a l p robabi l i ty di s t r i buti on . 
2. The vari anc e s  o f  the p robab i l i ty di s t r i but i ons are 
equ a l . " ( l4 )  
The i ni ti a l  s tep made i n  SAS p r o g r ammi ng was the 
ana l ysi s o f  vari anc e for thi s 2 by 4 f a c to r i a l  exp e r i ment . 
( Se e  T ab l e s  12 and 1 3 ) .  The fo l l ow i ng we r e  hyp o the s i zed 
and the s e·r e su l t s  we re achi eved . 
1 .  When c onside r i ng the four tre atment s, 
Ho : M1=M2=M3=M4, 
Ha: at l e a s t  two t r e a tment me ans diffe r . 
·Si nc e F>F 3 · o. 0 1 , the nu l l  hyp o the s i s  w a s  rejec ted i n  3 
f avo r o f  the a l te rnative hypothe sis . The c onc l u sion i s  that 
at l e a s t  two t r e a tment ( s kid re si stanc e a t  d i ffe rent p l ac e s) 
me ans di f f e r . 
Table 11 Summary of temperature corrected 
skid resistance data 
'rraa -c.-nen -c E:n-crance Driveway Man.""lole 
Sl.ock /E.xit 
(A, G) (C,E") ( 3) 
66 77 93 
66 70 90 
t.o-c N 71 72 80 
natural 64 71 -o I • 





79 77 96 
78 75 86 
78 73 79 
Lo-e Q 77 7� 77 





























Tabl e  12 Class l evel  · i nformation for g e n e ral 









1 2 3 4 
1 2 - -









Table 13 : The analysis of variance 
General linear Models Procedure 
Dependent Variable: Skid Resistance Value 
d. f. Type III S.S. M.S. F Value 
I 
3 458.62 152.87 15.40 
1 92.45 92.45 9.31 
3 98.80 32.93 3.32 









2 .  When c on s i de r i ng the two p a rki ng l o t s , 
Ho : Mn=Mq , 
HA :  at l e a s t two b l o c k  � e a n s  di f f e � . 
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S i nc e F > F  l . 3 a nu l l  hyp o the s i s  w a s r e j e c t e d  i n  f.avo r 
o f  the a l t e rn a t i ve hyp o the s i s and at the ct =0 . 0 3 7 % l eve l , i t  
was c onc luded that the re i s  a di f f e renc e b e twe e n  the two 
b l o c k  me an s . I n  o the r wo rds , the r e  i s  a hi ghl y s i gn i f i c ant 
di f f e r e nc e  b e tween the me an s k i d  r e s i s tanc e i n  the p a rki ng 
l o t  w i th qu a rtz i te and the l o t  w i th natu r a l  aggrega t e . 
The r e  i s  a s i gni f i c ant i n t e r ac t i o n  b e twe e n  the f ac t o r s  
o f  l o t  and t r e a tment . Obvi ou s l y ,  the p arki ng l o t  su= f a c e  
and the ski d re s i stanc e i n  di f f e r ent l o c ati o n s  o f  a r e  no t 
i ndepe ndent o f  one ano the r . F i gu r e  1 3  dep i c t s  thi s s i gn i fi -
c ant i n t e r a c ti on . The m e an skid numbe r  at the e n t r anc e -; 
exi t of the p a rking lot wi th quartz i t e wa s hi gh l y  s i gni f i �  
c antl y  gr e at e r  than the me an s k i d  numbe r  a t  the ent r �nc e 1 
exi t i n  the p a rking l o t  w i th natu r a l  aggr e ga t e . At d r i vew a y , 
manho l e  and p a rking p l ac e � , the me an ski d numb e r  w a s  hi ghe r ,  
a i though no t s i gni f i c ant l y ,  fo r the p a rki n g  l o t  wi th 
qua rtz i te than f o r  the p a rki ng l o t  wi th :na tu r a l  a gg r e g a t e . 
The next · s t ep o f  SAS p ro gramm i ng wa s t o  c omp a r e  a l l  
po s s i b l e  t r e a tment me ans wi th e ach o the r . S e e  T ab l e s  1 4 · arid 
1 5 . The fo l l ow i ng re su l t s  w e re e s t ab l i shed . The o n l y  
matchi ng l o c a t i o n s  whi ch had hi ghl y s i gni f i c ant d i f f e r e nc e s  
, 0 0  
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Figure 13:  Interaction uaph 
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Tab le 14: Compar i son of treatment mean resu l t  
Genera I L 1 near Mod e  I s Procedure 
Least S quares Means 
TRT VALUE SID ERR PROB > 1T 1  PROB > 1 T 1  HO : LSMEAN( I )  • L SMEAN ( J )  
LSMEAN LSMEAN HO : LSMEAN=O 1 /J 1 2 3 4 
71.8125000 0.7876819 0.0001 1 . 0.0624 0.0001 0.0197 
2 73.9375000 0.7876819 0.0001 2 0.0624 . 0.0001 0.6159 
3 81.0000000 1. 1 139504 0.0001 3 0.0001 0.0001 . 0.0001 
4 74.5000000 0.78768 19 0.0001 4 0.0197 0.6159 0.0001 
Note : To ensure overa l I protect ion leve l , on l y  probab i l i t ies assoc i ated w i th pre-p l an ned compar i sons 










0.6227 1 1 2  
PROB > 1T I 
HO : L SMEAN=O 
0 . 0001 
0.0001 
PROB > 1 T 1  UO: 





Tab le 1 5 :  Colnpar l son of treah�nt mean resu lt 
TRT lOT VAll£ SID ERR PROS > I T t PROD > I T t HO: lS�ANf U cLSt.£AN ( J )  
LSMEAN LS�AN HO : LS�AN;O 1 /J I 2 1 .. 5 6 7 8 
68 . 17' 1 . 1 1 :59 0.0001 I . 0. 0001 0.0096 0.0001 0. 0001 0. 0001 0.0004 0. 0002 
2 75 . 25 1 . 1 1 19 0 . 0001 2 0. 0001 . 0 . 1 02 2  1 .0000 0. 0090 0.002 2 0. 581 2 0 . 693 3 
2 1 72 .62 1 . 1 1 :59 0. 0001 1 0. 0096 0. 1 02 2  . 0. 1 02 2  0.0002 0. 0001 0. 2722 0. 2 104 
2 2 75 . 25 1 . 1 1 :59 0. 0001 4 0. 0001 1 .0000 0. 1 02 2  . 0.0090 0. 002 2 0. 581 2 0 . 69l J ·  
1 1 80 . 50 1 . 5 751c 0 . 0001 5 1 0. 0001 0. 0090 0. 0002 0.0090 . 0. 6556 0. 0026 0 . 0038 
3 2 81 . 50 1 . 5 753t 0 . 0001 6 0. 0001 0.002 2 0. 0001 0.002 2 0. 6556 . 0 . 0006 0. 0000 
4 I 74 . 3 7  1 . 1 1 39' 0. 0001 7 0 . 0004 0 . 58 1 2 . 0. 2722 0 . 58 1 2 0. 0026 0. 0006 . 0 . 8 74 6  
4 2 74 .62 1 . 1 1 :59 0 . 0001 8 0. 0002 0. 6933 0 . 2 104 0. 6931 0. 0038 0. 0038 0. 8 74 6  
Note :  To ens ure over a l l  pr otect ion . le ve l, on l y  probab i l i t ies as s oci a ted with p re- p l a n ned compar isons shou l d  be used. 
.t:­w 
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between the me an skid ·numbe r s . we re the entranc e I exi t s . 
Even though the me an ski d number i n  the p a rki ng l o t  wi th 
quartz i te wa s c o n s i s tent l y  highe r than i n  the p a rki ng lot 
wi th natu r a l  aggregate , the se apparent di ffe renc e s  we re not 
stati sti c a l l y s i gni f i c ant . 
B e c au s e  o f  the prec eding findi ngs i t  may be inferred 
that s i nc e  the entr anc e I exi ts  have a hi ghe r  t r af f i c vo lume 
and nec e s s i t ate mo re maneuve ring than any of the othe r 
l o c ati ons i n  the parki ng l o t , the surf a c e  texture o f  the 
pavement he re tends to we ar faste r than at the othe r 
l o c at i ons i n  the parking l o t . I t  may be that a s  t ime goe s  on 
the ac cumu l ated we a r  on the surface textu re of the pavement 
in the othe r l o c ati ons would l e ad to hi ghe r ski d numbe r s  fo r 
pavement wi th qu artz i te than that wi th natu r a l  aggreg·ate . 
Thi s conc lu s i on i s ,  o f  c ou r se , not wi thi n the s c ope o f  the 
pre sent study . 
The re have been othe r studi e s  done i n  thi s parti cu l ar 
area . Mahone ( 1 5 ) ,  among othe r re s e arche r s , ·ha s i nve sti -
gated the re l ati on between ski d numb e r s  and the ac cumu l ated 
traf f i c vo lume in mi l l i on s  of vehi c l e s . P o l i shi ng su s c epti ­
b l e  aggregate through two - mi l l i on vehi c l e  pa s s e s  re su l ted in 
a ski d numbe r drop f rom about 5 5  down to 40 . On the othe r 
hand , when po l i shed re s i stanc e aggregate s l i ke quartz i te 
we re u sed i n  we a r i ng c ou r s e s ,  the i ni ti a l  skid numb e r  o f  
about 65  dropped t o  40 , after ove r 2 5  mi l l i on vehi c l e 
' . 
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pa s se s . The r e fo re , hard .rock i s  hi gh l y  re c ommended i n  he avy 
tra ffi c ro ads and l ow traffi c parki ng l ot s . 
The State o f  Minne sota provi ded s i mi l a r data to that 
obtained from S outh Dako ta c onc e rni ng the ski d number o f  
quartz i te pavement and natural aggregate . T ab l e  1 6  shows 
the data provided b y  the State o f  Mi nne s o t a . After 
exami ni ng a l l the se fac tors i t  c ou l d  c onc luded that a 
pavement w i th qu artz i te i s  s a f e r  and s tronge r than a 
pavement wi th natu r a l  aggregate . 
,, 
'· 
Tab l e 16 S k i d  n u m b e r  d a ta o n  M i n n e s ota h i g h way n etwo r k  
AGGREGATE TE ST AVERAGE 
TYPE SPEED S K I D  NUMBER 
( M I LE S  P ER HOUR ) ( SN )  
Quartz i te 40 5 6  
Quartz i t e  5 5  s o  
Natu r a l  4 0  47 
Aggregate 
( MN/DOT 5 5  4 3  
-
C l a s s  D )  
4 6  
· C H A PTE R 4 
E CO NOM I C  STU D I ES 
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" The aim o f  an economi c eva luat i o n ,  and o f  ec onomi c 
cho i c e  i n  gene ra l , i s  the maximi z ati on o f  uti l i ty subj ect 
to a numbe r  of po l i t i c a l and ec onomi c c on s t r a i nt s . The term 
' uti l i ty '  deno te s  the s ati s facti on whi ch a s o c i ety o r  
private fi rm deri ve s f rom achi evi ng a given s e t  o f  obj ec ­
tive s ,  whi l e . the term ' c onstrai nt s ' deno te s the l imi ted 
( sc a r c e ) r e s ou rc e s  avai l ab l e  for achi evi ng the s e  obj ective s . 
I t  fo l l ows that the . e c onomi c princ ip l e s  a s s o c i ated wi th the 
p l ann i ng o f  pub l i c  tran sport fac i l i ti e s  are : 
1 .  to de f i ne the over a l l  obj ec tive o f  nat i ona l transpo rt 
po l i cy 
2 .  to e st ab l i sh the · maj or re sourc e c on s t r a i nt s  wi thi n 
whi ch a pl anni ng so luti on mu st be found . 
3 . to gene rate a set o f  a l ternative 
from whi ch the mo st ' e ffi c i ent ' 
p l ann i ng so luti ons 
pro j e c t  c an be 
s e l ec ted . E ff i c i enc y ,  i n  thi s ·c ontext , r e f e r s  to the 
l e a s t  c o s t l y  c ombi nati on o f  sc a r c e  re sourc e s  whi ch 
max i mi z e s  the achi evement of the p l anni ng obj e c ­
tive s . " ( l 6 )  
I n  o rde r to f i nd the be st pavement , the de s i gne r shou ld 
take the fo l l owing i nto conside rati on : 
1 .  Co s t  
2 .  P e r fo rmanc e 
3 .  Avai l ab i l i ty . o f  pavement ' s  mate ri a l s  
4 .  C o s t  o f  materi al  transpo rtat i on 
48 
A typ i c a l  p a rking lot construc t i on c ons i s t s  of seve r a l  
e l ement s such a s  pavement , marki ng , l i ghti ng ,  curb and 
gutte r ,  and e tc . 
The c o s t  o f  the pavement c onstruc ti on i s  the hi ghe st o f  
a l l  e l ement s i n  parking lot c onstruc t i on . The de s i gne r o f  
the park i ng l ot shoul d ,  the re fo re , de s i gn a n  ec onomi c a l  
pavement whi ch i s  durab l e  and wi l l  fu l fi l l  the reqUi rement s 
fo r whi ch i t  i s  construc ted . I n  South Dako t a , abundant 
S i oux qua rtz i te and natu r a l  aggre gate a re ava i l ab l e  due to 
i ts geo gr aphi c a l  l oc ati on . Thi s provi de s an e a s y  ac c e s s  to 
both . the mate r i a l s that are nec e s s ary for pavement c ons truc ­
t i on . 
The c o s t  o f  mate r i al  transpo rtat i on p l ay s  an i mpo rtant 
part in de s i gni ng an ec onomi c a l  pavement . S i nc e  S i oux 
quartz i te and natu r a l  aggregate are both avai l ab l e  i n  South 
Dakota , the tran sportati on c o st o f  thi s mate ri al  wi l l  be 
sub s tant i a l l y  l e s s  for both aggregate , but e spec i a l l y fo r 
natu r a l  aggregate . 
Hot mix i s . an a spha l t  mi x c ompo sed o f  aggregate and 
a spha l t  , i n  whi ch the two materi a l s  have to b e  mi xed hot , 
tran spo rted to the s i te , p l ac ed and c ompac ted whi l e  sti l l  
,, � . 
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hot . The aggregate c ontent o f  o f  any hot mixe s i s  90% to 95% 
by wei ght and 75% to 8 5% by vo lume . The re fore , the c o st of 
aggregate , and i t s hau l i ng c o st have to b e  given attent i on 
i n  the ec onomi c study . 
Al t�ough S i oux quartz i te i s  a lmo st twi c e  a s  c o s t l y  a s  
natu r a l  aggregate , the quartz i te i s  mo re e c onomi c a l  to u s e . 
Studi e s  have i ndi c ated that pavement wi th natu r a l  aggregate 
ha s l e s s  i ni ti a l c o s t , but in the l ong run it i s  mo re c o s t l y  
than the pavement wi th quartz i te bec au s e  o f  i t s  hi gher 
maintenanc e c o st dur i ng the pavement ' s  l i fe span ( 2 ) . 
Thi s  study c omp a r e s  the ec onomi c ana l y s i s f o r  qu artz i te 
pavement a s  oppo s ed to natu r a l  aggregate . p avement i n  a 
p arki ng l o t . 
A . TH E  E CON OMIC A N A LYSIS 
Thi s e xpe r iment i nc luded a c omparative ana l ys i s of two 
pavements ,  one pavement c on s i sti ng 
arid the o the r one o f  quartz i te . 
pavement one square yard i n  s i z e ; 
o f  natu r a l  aggregate 
A s e c ti on o f  a spha lt 
fou r  i nche s thi ck wa s 
c ons i dered i n  both c a s e s . By u s i ng the Mar sha l l  Mi x De s i gn 
( see  chapte r 2 ) , the fo l l owi ng re su l t s  we re achi eved . For 
natura l aggregate m i xe s , the a sphalt c ontent shou ld be 6 . 8% 
tota l  we i ght b a se ( TWB ) . Fo r qu artz i te mi x ,  the a sphalt 
c ontent was found to be 6% TWB . 
,, 
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The vari ab l e s  that have . had a maj o r  e ff e c t  i n  the 
re su l t  o f  the c ompa r ative ana l y s i s ,  whi ch w i l l  be furthe r 
di scu s sed i n  l at e r  paragraphs , are a s  fo l l ows ; 
Yl=Rate o f  i nf l at i on ( i n pe rc ent/ye ar ) 
Y2= I nte re s t  rate ( in pe rc ent/ye ar ) 
Y3=Maintenanc e c o st o f  natu r a l  aggregate pavement 
( Do l l ar s/square yard/five ye a r s ) 
Y4=Ma i ntenanc e c o st o f  quartz i te pavement 
( Do l l ar s/squ a re yard/e i ght ye ar s ) 
YS=Co st o f  natu r a l  aggregate pavement to be ove r l ai d  
( Do l l ar s/ square yard ) 
Y6=Co st o f  qua rtz i te pavement to be ove r l ai d  ( Do l l ar s/square 
yard ) 
P l=The p r i c·e o f  a spha l t · pavement wi th natu r a l  aggregate 
( Do l l a r s/ton ) 
P2 =The pri c e  o f  a spha l t  pavement wi th qu artz i te 
( Do l l ar s/ton ) 
c l=co st o f  a spha l t  pavement wi th natu r a l  aggre gate 
i n  p l ac e  ( D? l l ar sjsquare yard ) 
C2=Co st o f  a spha l t  pavement wi th quartz i te i n  p l ac e  
( Do l l ar/square yard ) 
Ac c o rding to the S . D . S . U . Phys i c a l P l ant , the pri c e  o f  
a spha l t  pavement wi th natu r a l  aggre gate i"s 3 2  do l l ar s/ton 
( P l ) , whi l e  the pri c e  of aspha l t  pavement wi th quartz i te 
( P2 ) , i s  40 do l l ars/ton . E ach o �  the se pri c e s  i nc lude s the 
,, 
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c o s t o f  the aggregate , · i t s  transpo rtat i on c o st ,  fue l c o s t  
for he a t i ng i t  i n  the drum drye r , c o st o f  hau l i ng the hot 
mix to the s i te � and c o st the of a spha l t  c ement . 
The rate o f  i n f l ati on ( Yl )  has been not s t � ady i n  the 
1 9 80 ' s and ha s ranged between 3 .  0 and 1 3 . 5 perc ent . ( 1 7 ) 
S i nc e  the South D akota Department o f  Tran spo rtati on u s e s  a 
rate o f  i nf l ati on o f  7 .  5 perc ent ( 1 8 ) i n  i t s e c onomi c 
ana l ys i s ,  the s ame fi gure was u sed i n  thi s ec onomi c s tudy . 
The ave rage i nte r e s t  r ate on muni c ip a l  b onds w a s  1 1 . 5 6% 
i n  1 9 82 , 9 . 52% i n  1 9 8 3 , and 1 0 . 12% i n  1 9 84 . The r e f o re , an 
i nte r e s t  rate 
repre sentative 
( 1 9 ) . 
( Y2 ) o f  1 0% wa s used i n  
o f  market condi ti ons i n  
thi s anal ys i s a s  
the e a r l y  1 9 80 ' s 
The v�ri ab l e s  Y3 and Y4 repre sent the m a i ntenance _c o s t  
o f  natu r a l  aggre gate pavement and quartz i te re spe c tive l y . 
The gene r a l  p r i nc ip l e  o f  pavement mai ntenance i s  to prevent 
noti c e ab l e  we a r  rathe r than to neg l e c t  mi no r f l aws �nd then 
repai r s e r i ou s  damage s .  E ffective mai ntenanc e i nc re a s e s  
the l i fe o f  the pavement , i nc re a s e s  t r a f f i c c omfort and 
reduc e s  the · c o st o f  traffi c ope rat i ori . The m a i ntenanc e o f  
f l exi b l e  pavement i nc l ude s patchi ng , fi l l i ng rut s , removi ng 
sur f ac e c o rrugati ons , pou r i ng c racks and b l adi ng surfac e s . 
Acc o rdi ng to stati sti c i an Robe rt L e ech o f  the South 
D ako ta Department o f  Transportati on , the - p avement s wi th 
natu r a l  aggregate , in  pa�king lots , mu st be mai nt a i ned eve ry 
,, 
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five ye a r s . P avement s wi th qu artz i te , i n  p a rki ng l o t s , need 
maintenanc e eve ry e i ght year s . The ave rage c o st o f  
mai ntenanc e f o r  both pavement s i s  3 do l l ar s  p e r squ are yard . , 
Thi s i nf o rmati on was u s ed for the economi c ana l ys i s .  
The vari ab l e s  YS and Y6 repre sent the c o st o f  ove r l ay­
ing the pavement wi th natura l  aggregate and quartz i te 
re spe c t i ve l y . The purpo se o f  the pavement ove r l ay i s  to 
re sto re the pavement . An ove r l ay may be app l i ed ove r a 
pavement that c an no l onge r be ma intai ned s at i s f ac to ri ly . 
Leech a l s o  i ndi c ated that the parking l o t  pavement wi th 
natu r a l  aggregate i s  ove r l aid on the average o f  ·eve ry 1 5  
ye a r s  after the ini ti al  c onstruc t i o n ,  a t  a c o s t  o f  6 do l l ar s  
pe r square yard . The parking lot pavement wi th quartz i te 
i s ,  on the ave rage , ove r l aid eve ry 1 6  ye a r s  after . · the 
i ni ti a l  construc t i on at the s ame c o s t . 
I n  o rde r to be ab l e  to compare the c o st ( do l l ar s/ 
squ are yard ) o f  the pavement s in the parking l o t , the c o st 
dur i ng the l i fe span q f  e ach pavement w a s  ana l yz ed .  Leech 
i ndi c ated that the l i fe span o f  a parki ng lot pavement wi th 
natu r a l  aggregate i s  twenty five year s . On the o the r hand , 
the pavement i n  a parki ng . l ot wi th quartz i te i s  twenty e i ght 
ye a r s . The fo l l ow i ng ec onomi c ana lys i s  wa s drawn f r6m the se 
facto r s : 
PROBLEM 
Given : 
Yl= 7 . 5% 
,, 
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Y2 = 1 0 . 0% 
Y3 = 3 Do l l ar s/ square yard/ five ye a r s  
Y4= 3 Do l l ars/ squ a r e  yard/ e i ght ye a r s  
YS= 6 Do l l a r s /  squ a r e  yard 
Y6= 6 Do l l a r s/ squ are yard 
P 1= 3 2  Do l l ar s/ton 
P2 = 40 Do l l ars/ton 
I n  o rde r to c onve rt the c o s t  to do l l a r s  pe r square 
yard , for an a spha l t  mat four ( 4 ) i nche s thi c k , the f o l lowi ng 
c a l cu l ati on mu s t  be done : 
Labo ratory te s t s  on both mi xe s reve a l ed that the bulk 
spe c i f i c  gr avi ty wa s very c lo s e ; the r e fo re , a va lue o f  BSG = 
2 . 3 5 3  i s  u s ed i n  thi s ana l ys i s ( se e  chapte r 2 ) . F rom thi s 
·value the Uni t we i ght o f . mixe s=2 . 3 5 3 * 62 . 4= 1 46 . 8  pound · per 
cub i c  f e e t  
Co st/sq . yard=p r i c ejton* lb s/cu . ft . * ton/ l b s . * thi c kne s s/ft 
* sq .  ft . /sq . jard 
C1=Natu r a l  aggre gate co st/sq . · yard=3 2 * 1 46 . 8  * 1/2 000 * 
4/12  * 9 
= 7 . 04 Do l l ar s/ square yard 
C2 =Quartz i te c o s t/ sq . yard=40 * 1 46 . 8  * 1/2 000 * 4/ 12 * 9 
=8 . 80 Do l l a r/sq . yard 
Fi gure 1 4  shows the initi al  c o s t , mai ntenance c o s t ,  and 
ove r l ay c o st f o r  the two pavement s . 
,, 
5 4  
I t  sho u l d  b e  no ted that ·the mai ntenanc e c o s t and the 
. ove r l ay c o s t  f o r  the two p avement s are kept at a c o n s tant · 
rate o f  thr e e  and s i x  do l l ar s . pe r square yard re spe c t i ve l y . 
T ak i ng i nto c on s i de r ati on the menti o ned - va r i ab l e s , the 
future v a lue and Equ i v a l ent Annua l  V a lue ( 2 0 )  f o r  hot . mi x e s  
( do l l a r s/ sq . y a rd ) u s i ng natu r a l  aggregate i s  a s  fo l l ow s : 
FVNA = Futu r e  va lue o f  natu r a l  aggregate su r f a c e  
= 
n 
C 1  ( 1 + I )  




r Y3 ( 1 +  I )  
whe re 
b=5 , 1 5 , 2 0 
+ 
d 
YS ( 1 + I ) 
whe re 
d=1 5  
whe r e  I = Real i nte re s t  rate = Y2 - Y 1  = . 1 - . 0 7 5  = . 0 2 5  
2 5  2 0  1 5  5 
FVNA=7 . 04 ( 1 + . 02 5 ) + 3 { 1 + . 02 5 ) + 3 ( 1 + . 02 5 ) + 3 ( 1 + . 0 2 5 ) 
1 0  
+ 6 ( 1 + . 02 5 ) =  3 3 . 3 9 Do l l ar s/Sq . Yard 
FVNA= AEC * CV I FA ( I , n ) 
Whe re AEC= Annu a l  Equ i v a l ent o f  c o s t  
I =  Re a l  r a t e  o f  i nt e re s t = Y2 - Y 1  = . 1 - . 0 7 5  = . 0 2 5  
n= L i f e  span o f  natu r a l  aggr egate p avement =2 5 
CV I FA= Compound fac to r from tab l e  XX I  ( 2 1 ) 
3 3 . 3 9=AEC * CV I FA ( . 02 5 , 2 5 )  
Whe re from t ab l e  CV I FA ( . 02 5 , 2 5 )  = 3 4 . 1 5 7 8  
3 3 . 3 9=AEC * 3 4 . 1 5 7 8  
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Figure 14 : Cost model 
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I n . the s ame way the future value and Equ i v a l ent Annu a l  
V a lue f o r  a n  a spha l t  m a t  c ons tru c t ed wi th qua r tz i t e 
( do l l a r s/squ a r e  yard ) fo r a l i fe sp an o f  2 8  ye a r s  i s  
c a l cu l a t ed a s  fo l l ow s : 
FVQZ=Futur e  va lue o f  qu artz i te surf a c e  
= 
n 




Y4 ( 1 + I ) + 
whe r e  
b=4 , 2 0  
d 
Y 6 ( 1 + I ) 
whe re 
d= 1 2  
whe r e  I = Re a l  i nte re s t  rate = . 1 - . 0 7 5  = . 0 2 5  
2 8  2 0  4 1 2  
FVQZ= 8 . 8 ( 1 + . 0 2 5 ) + 3 ( 1 + . 02 5 ) + 3 ( 1 + . 0 2 5 ) + 6 ( 1 + . 0 2 5 ) 
=3 3 . 8 7 $ /Sq . Yard 
FVQZ= AEC * CV I F� ( I , n ) 
3 3 . 8 7=AEC * CV I FA ( . 02 5 , 2 8 )  
Whe r e  f rom t ab l e  XX I  ( 2 0 )  CV I FA ( . 0 2 5 , 2 8 ) =3 9 . 8 5 9 8  
3 3 . 8 7= AEC * 3 9 . 8 5 9 8 9  
AEC= 3 3 . 8 7/ 3 9 . 85 9 8 =0 . 8 5 $ /  Sq . Yard 
The Annu a l  Equival ent Co s t  ana l y s e s  show tha t  the 
p avement wi th natu r a l  aggre gate c o s t s  0 .  9 8  0 .  8 5  = 
. 1 3 ( do l l ar s/ square yard ) mo re than p avement w i th 
qu a rt z i t e . 
Thi s i s  the va lue f i gure p e r  squ a r e  yard o f  the 
p avement . The p avement wi th qu a rtz i te i s  e c onomi c a l l y  
p r e f e r ab l e . I t  save s money that c ou l d  be s p e nt . o n  
o the r c on s t ru c t i on . 
,, 
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Fo r examp l e , a parki ng l o t  s i mi l ar to the one 
i nf ront
.
o f  the Animal S c i enc e bui lding that h a s  an area 
of 3 5 3 5  squ are yards wi l l  amount in s av i ng o f  3 5 3 5  * 
0 . 1 3 = 4 5 9 . 5 5 ( do l l a r s  I ye ar ) dur i ng one y�a r  of  i ts 
l i fe i f  quartzi te i s . u s ed i nstead o f  natu r a l  aggregate . 
,, 
A . CO N C LU S I ON 
· C H A PT E R  5 
C O N C L U S I ON A N D  R ECOMME N DA T I O N  
5 8  
B a sed on the i nfo rmat i on gai ned from thi s i nve sti ga­
ti on , the fo l l owing c onc lus i ons c onc e rn i ng the p e r fo rmanc e s  
o f  quartz i te and natu r a l  aggregate i n  f l ex ib l e  pavement a s  a 
c as e  study c an be drawn : 
1. The Marsha l l  method of mi x de s i gn demon str ated that a 
natu r a l  aggregate requi re s  1 3 . 3  p e r c ent mo re a spha l t  
than quartz i te i n  orde r t o  mee t  de s i gn spec i fi c a­
t i ons . 
2 .  The raw data wi th a temperature e ff e c t  c o r rec ti on for 
ski d re s i s t anc e was me asured in the two p a rki ng l o t s  
by the B r i t i sh Po rtab l e  Ski d Re s i s t anc e Te s t e r . The se 
data we re then ana l yz ed u s i ng the S t ati s ti c a l  
Ana l ys i s System . The fo l l owi ng we re noted : 
a )  The me an ski d number at the entranc e 1 ex i t  o f  the 
p a rking l o t  wi th quartz i te w a s  hi gh l y  s i gni fi ­
c ant l y  gre ate r than the ski d .numb e r  at the 
ent r anc e I exi t o f  the parki ng l o t  wi th natural 
aggregate . 
b )  At driveways , manho l e s  and parki ng p l ac e s , the me an 
ski d number was hi ghe r , a l though not . 
,, 
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s i gni f i c ant l y , fo r the the p a rki ng l ot wi th 
qua rtz i te than for the parki ng l o t  wi th natural 
aggregate . 
c )  The Mi nne sota and South D akot a  Department s o f  
Transp o rt at i o n ,  c l e ar l y  show 
p avement has a hi ghe r ski d 
p avements w i th natu r a l  aggregate . 
I t  c ou ld be c onc luded that 
that quartz i te 
re s i s t anc e than 
a p avement wi th 
qua rtz i te give s a hi ghe r skid r e s i s tanc e 
3 .  The e c onomi c s tudi e s  we re c onducted on the b a s e s  o f  
future value · and then annu a l  equ i v a l ent c o s t  
ana l ys i s .  The annual equival ent c o s t  ana l y s i s showed 
that p avement wi th quartz i te s aved 0 .  1 3  do l l ar s  pe r. 
square yard , whi ch i s  a 1 5 . 3% s av i ng over natura l 
aggregate . I t  wa s c onc luded that qua rtz i te pavement 
i s  e c onomi c a l ly pre fe rab l e  to pavement wi th natural 
aggregate . 
The c l e a r  c onc lu s i on found i n  thi s re s e a rch i s  that 
quartz i te pavement i s  prefe rab l e  in the l ong run to natu r a l  
aggregate . · 
B. RECOMM E N D E D  A R EA S  FO R FUTU R E  ST U D I E S 
Cons i de r i ng the ana l ysi s o f  the data and the re su l t i ng 
c onc l u s i ons p re sented i n  thi s inve sti gati on , i t  i s  recom­
mended that thi s s tudy be pur sued i n  the future to f i nd the 
long t e rm e f f e c t s  o f  tra ffi c on the sur f a c e  texture s o f  
both park�ng l o t s . 
59 
s i gni f i c ant l y ,  fo r the the p a rk i ng l ot wi th 
qua rtz i te than for the parking l o t  wi th natu r a l  
aggregate . 
c )  The Mi nne sota and South Dako ta Depa rtment s o f  
T r an spo rtat i on ,  c le ar l y  show 
pavement has a hi ghe r ski d 
p avement s w i th natura l aggregate . 
that qua rtz i te 
re s i s t anc e than 
I t  c ou ld be conc luded that a p avement 
qua rtz i te give s a hi ghe r ski d r e s i s tanc e 
wi th 
3 .  The ec 6nomi c s tudi e s  we re c onducted on the b a se s o f  
futur e  value and then .annu a l  equ i va l ent co st 
ana l ys i s .  The annua l  equival ent c o st ana l ys i s showed 
that p avement wi th quartz i te s aved 0 .  1 3  do l l a r s  pe r_ 
squ are yard , whi ch i s  a 1 5 . 3% s avi ng ove r natu r a l  
aggregate . I t  wa s c onc luded that quartz i te pavement 
i s  e c onomi c a l l y preferab l e  to pavement wi th natu r a l  
aggregate . 
The c l e a r  c onc lu s i on found i n  thi s re s e a rch i s  that 
quartz i te pavement i s  pre ferab l e  in the l ong run to natural 
aggregate . 
B .  R ECOMM E N D E D  A R EA S FO R F UTU R E  STU D I E S 
Cons i de r i ng the ana l y s i s o f  the data and the re su l t i ng 
c onc lus i ons p r e s ented i n  thi s i nve sti gati on , i t  i s  recom­
mended that thi s s tudy be pur sued i n  the futu r e  t o  find the 
l ong te rm e f fec t s  o f  traffi c on the surfac e textu re s  o f  
both parki·ng l o t s . 
) 
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